The Cinereous Warbling-finch Poospiza cinerea is a globally vulnerable Emberizidae passerine, patchily distributed and rare in the open savannah of central South America. Attributes of rare species include niche specificity such as feeding habits. To verify possible niche specialization in this species we aimed to describe its foraging habits related to substrate use, foraging and substrate height, attack maneuvers, and consumed food items. We monitored two groups at two study sites and sampled foraging events with intervals of 15 minutes. The substrates used in greater frequency were foliage and reproductive organs. Foraging and substrate height varied widely with study area. The attack maneuver adopted in greater frequency was glean. Most food items attacked were small invertebrates. Big invertebrates included Lepidoptera, Hemiptera, Coleoptera, Hymenoptera and Orthoptera. Poospiza cinerea was also recorded foraging in mixed bird flocks with seven other species. The generalist foraging behavior of the species cannot be associate to its rarity. Keywords: attack maneuver, feeding behavior, niche specificity, rarity, substrate choice.
Introduction
The Cinereous Warbling-Finch Poospiza cinerea Bonaparte 1850 is a Neotropical grassland passerine bird that belongs to the family Emberizidae and is currently threatened, assigned as vulnerable globally (BirdLife International, 2011 ). Yet, descriptive studies on this species autecology were absent until Wischhoff et al. (2012) and Costa and Rodrigues (2013) . Poospiza cinerea occurs patchily in mountaintops ranging from 600 to 1,400 m (Ridgely and Tudor, 1989; Stotz et al., 1996; Lopes et al., 2010; Vasconcelos and Rodrigues, 2010 ) and is considered rare and endemic to the Cerrado (Silva, 1997) , a savannahlike biome regarded as a biodiversity hotspot (Oliveira and Marquis, 2002) . Since tropical grasslands are being lost at an alarming rate due to losses from agriculture and urban development (Vickery et al., 1999) , it is urgent to assess basic life-history data on species depending on this habitat.
Habitat and niche specificity, geographical range and local population density are species attributes that can explain rarity (Brown, 1971; Rabinowitz, 1981) . In birds, many ecological and life-history traits have been shown to be correlated with rarity, such as body size, dispersal ability, reproductive traits, habitat specificity, diet and migratory status (review in Sodhi et al., 2004) . To verify possible niche specialization in this species we aimed to describe its foraging habits related to substrate use, foraging and substrate height, attack maneuvers behavior, and consumed food items. Based on its alluded rarity, we expect that P. cinerea presents some level of specialization. Medina and Fernandes, 2007) . The vegetation consisted mainly of campo limpo (grassland), campo rupestre (rocky outcrops with predominance of grass) and cerrado rupestre (rocky outcrops with predominance of shrubs and trees) (based on Ribeiro and Walter, 1998) . The area surrounds Serra do Cipó National Park and is therefore less degraded. Field work was carried out from December 2010 to May 2011, except January 2011.
Material and methods

Study areas
One group of P. cinerea was monitored in each area. Despite our capture efforts (a total of 89 net-hours), we were able to color-band only one or two individuals from each group, and therefore did not account for individual variation in behavior. In Area 1 the group was initially composed of four individuals, but one disappeared during the study period. In Area 2 the group was composed of three individuals, but a young joined the group at some point between December and February. The young in Area 2 could be discerned from the other individuals by its brownish and cream colors, in contrast to the grey and white of the adults. Unlike what has been previously reported, the ear coverts and lores were of a lighter tone than in the adults, while the eyes were darker (Costa and Rodrigues 2013) .
Foraging behavior
We used the nomenclature for attack maneuvers and food-handling techniques described in Remsen and Robinson (1990) . The substrates were classified as foliage, rock or ground, air, trunk or branch and reproductive organs, which included flower and fruit clusters. The food items were small invertebrates, when smaller than 1 cm, big invertebrates and flower/fruit/seed, the last were grouped because of the uncertainty of what was effectively ingested. For each foraging event the attack maneuver, substrate, food item, foraging height and total substrate height were recorded, having these last two categories been estimated visually to intervals of 0.5 m when the substrates were plants. When it was not possible to obtain the data for one or more of these categories, the event was recorded with the available information only. We also identified the plants used as substrate and as food to the lower taxonomic level possible. We took note of the species which Poospiza cinerea joined in mixed flocks, but sampling took no other account of them.
The observations were made with the aid of 8x40 binoculars. Sampling schedule ranged from 5:00 to 18:00 and the number of events in each time of day varied with the group's intensity of activity and our knowledge of its location. After the group was located, the first foraging event was recorded (following Recher and Gebski, 1990) . The subsequent event was recorded only after 15 minutes if the same individual was seen foraging or immediately if it was another individual. Since the groups were small and roughly half of the individuals was identifiable (based on age or color-bands), normally we could keep track of each individual's location. If in doubt of identity, we waited another 15 minutes to resample a specific individual. We chose this sampling interval based on preliminary observations, which showed that 15 minutes provided biologically independent observations, because within this interval individuals had enough time to change foraging patches (Lair, 1987) .
Statistical analysis
We used Fisher's exact test to compare areas according to attack maneuvers employed and substrates explored, since more than 20% of the cells had expected values under 5. Pearson chi-squared test was used to compare food items consumption between areas. Spearman correlation was used between foraging height and substrate height, because our data did not have a normal distribution. All tests were conducted with JMP (SAS Institute, 2012) and a level of significance of 0.05 was adopted. Means are reported together with standard deviations.
Results
After 180 sampling hours in Area 1 and 110, in Area 2, we obtained a total of 149 foraging events (Table 1) , which was considered an adequate sampling (Recher and Gebski, 1990) .
Overall, near-perch maneuvers prevailed (97% in area 1 and 99% in Area 2) over aerial maneuvers. The near-perch maneuver used with higher frequency in both areas was glean (Figure 1 ). Attack maneuvers' choice was not different between areas (Fisher's exact test, p = 0.37).
The substrates most used in both areas were foliage and reproductive organs (Figure 2 ) and frequency of use was not different between areas (Fisher's exact test, p = 0.31). In Area 1 the substrate height ranged from 0 to 12 m (x̄ = 4.0 ± 3.4; Figure 3 ), and in Area 2, from 0 to 6 m (x̄ = 1.6 ± 0.9). Foraging height ranged from 0 to 10 m in Area 1 (x̄ = 2.9 ± 2.3) and 0 to 6 m in Area 2 (x̄ = 1.4 ± 0.9). We verified that in both areas the foraging height was correlated to the substrate height (Area 1: Spearman, r s = 0.94; p < 0.05; n = 62. Area 2: Spearman, r s = 0.93; p < 0.05; n = 80), indicating that total plant height determines foraging height.
Plant families that were used as substrate were Asteraceae, Bromeliaceae, Casuarinaceae, Dilleniaceae, Ericaceae, Fabaceae, Loranthaceae, Lythraceae, Malpighiaceae, Malvaceae, Melastomataceae, Myrtaceae, Poaceae, Polygonaceae, Rubiaceae, Sapindaceae, Styracaceae, Urticaceae, Verbenaceae, Vochysiaceae, being some families exclusive of one of the areas. During unsystematic observations in Area 1, P. cinerea used Pinus sp. (Pinaceae) (n = 2) and a non-identified fern (n = 1) as substrates. Poaceae had spikelets consumed in Area 2 only during unsystematic observations (n = 1).
The food item most consumed was small invertebrates in both areas (Figure 4) . The frequency of consumption of food items was different between areas (Pearson chi-squared test, p < 0.05). The plant family which had most frequently vegetal matter consumed was Asteraceae (Table 2) . We were able to collect one dropping which contained small seeds, ≤ 1 mm, which resembled Melastomataceae seeds. Invertebrates identified in field included Lepidoptera, Hemiptera (Heteroptera), Coleoptera, Hymenoptera (Formicidae), and Orthoptera, having all been classified as big invertebrates. Food-handling techniques observed included mash, used specially for berries, spikelets (Poaceae) and cypselae (Asteraceae); bite, for drupes; gulp, for small invertebrates; and tear, for big invertebrates.
During observations we were able to see that individuals move constantly and quickly (more than 10 times per minute) among the vegetation and perform frequent hops and short-distance flights between patches.
Poospiza cinerea was seen, only in Area 2, in mixed flocks with the species: Polystictus superciliaris (Wied, 1831), Pseudoleistes guirahuro (Vieillot, 1819), Mimus saturninus (Lichtenstein, 1823), Saltatricula atricollis The young made begging display throughout February and March to the other group members. During one systematic observation he was fed by the color-banded female believed to be the parent (captured with egg in abdomen on 8 Dec. 2010). The young also searched for food autonomously (Figures 1, 2 and 3 ).
Discussion
Poospiza cinera showed no variation in attack maneuvers or substrate choice between study areas, but food items were different. This shows plasticity in its foraging behavior and this variation can be attributed to some external factors, such as food distribution and abundance; habitat type; weather; season of the year; age of young; and interspecific social environment (Grubb, 1979) . Considering that the areas are apart and have different anthropogenic disturbance levels, it is reasonable to say that abundance and distribution of food are different. However, we did not measure food availability and are not able to confirm this speculation. Also, the habitat of the two areas is very dissimilar (Marques-Santos unpubl. data). In Area 1, for example, we have a high availability of exotic species, like Casuarina sp., Pinus sp., and Eucalyptus sp., that do not have the typical height of plants of Area 2. Areas were sampled predominantly in different seasons (Area 1 in winter and spring; Area 2 in summer and autumn), which possibly is the explanation for differences in food items consumption. Adults can also alter their feeding targets according to their nutritious needs. Accordingly, in Area 2 there was a young that was fed by the adults and in Area 1 a clutch was laid during our sampling effort (Wischhoff et al., 2012) . Finally, the composition of bird species of the two areas is different (see Vasconcelos, 2007; Costa and Rodrigues, 2012) and only in Area 2 was P. cinerea seen in mixed flocks. The social environment can alter a bird's behavior because: niche breadth is altered by species' dominance; prey can become available in response to other species presence; or foraging behavior is imitative (Grubb, 1979) .
The maneuvers used by P. cinerea are similar to those of P. thoracica (Nordmann, 1835) (Parrini et al., 2009) . Both species use glean, reach, hang and gape, but P. thoracica further uses sally-pounce. Using the 50% criteria of Fitzpatrick (1980) , P. cinerea could only be considered a near-perch maneuvers specialist.
The choice of substrate by P. cinerea is not typical of Emberizinae species, which get seeds from the ground or culm (Sick, 1997) . Poospiza cinerea used foliage and reproductive organs, which matches the substrate foliage that Ridgely and Tudor (1989) have reported for P. torquata (D'Orbigny & Lafresnaye, 1837), P. melanoleuca (d'Orbigny & Lafresnaye, 1837), P. erythrophrys Sclater, 1881 and P. alticola Salvin, 1895. Poospiza thoracica forages additionally on branches and P. nigrorufa (d'Orbigny & Lafresnaye, 1837) forages on the ground. In Area 2, P. cinerea foraged more than 50% of events on reproductive organs. However, since this frequency was not matched in Area 1, we cannot consider the species a specialist this substrate (Fitzpatrick, 1980) . The positive correlations between foraging height and substrate height indicate that the species does not have a foraging pattern related to the distance to the ground but to the top of the substrate, which is in accordance with the placement of the substrates used in greater proportion: Table 1. foliage and reproductive organs. In Area 1, P. cinerea explored a wider range of substrate heights, which is related to the substrate availability in that habitat. As an Emberizinae, one could expect that the species would forage in lower heights than observed, i.e. in the ground and Poaceae plants. The relationship between substrate and foraging heights illustrates the species plasticity, foraging in higher substrate when available.
Among the taxa chosen by P. cinerea for foraging are: Casuarina equisetifolia (Casuarinaceae), which is exotic and invasive in Brazil (Santana and Encinas, 2008) ; two exotic genera in Brazil, Brachiaria sp. (Poaceae) (Espíndola et al., 2005) and Pinus sp. (Pinaceae) (Espíndola et al., 2005) ; and Cecropia sp. (Urticaceae), a plant typical of secondary formations (Souza and Lorenzi, 2008) . These choices show that, concerning its foraging requirements, P. cinerea is able to survive in a modified habitat, and might not be strongly susceptible to habitat changes.
Unlike a great number of Emberizinae, P. cinerea's diet is not based on seeds, but on invertebrates. Sigrist (2009) and Costa and Rodrigues (2013) have recorded the intake solely of arthropods by P. cinerea. Conversely, Ribon (2002) says that the species eats mainly small seeds and fruits.
Both studies contradict what we have found: prevalence of use of small invertebrates. Based on this prevalence, which is consistence across both areas, P. cinerea could be considered a specialist in eating small invertebrates (Fitzpatrick, 1980) .
There is not much information on the diet of Poospiza species, other than their feeding guild. Other brazilian Poospiza species (P. cabanisi, P. melanoleuca, P. nigrorufa and P. torquata) are granivorous, omnivorous, granivourousfrugivorous or granivorous-insectivorous (Chatellenaz, 2004; Giraudo et al., 2006; Malizia et al., 2005; Scherer et al., 2005 Scherer et al., , 2007 Silva, 2006) . Poospiza thoracica has a diet similar to that of P. cinerea, because it feeds mainly on arthropods (64%, n=170), but fruits (23%, n=170) and flowers (13%, n=170) represent a considerable amount of its diet (Parrini et al., 2009 ). However, it has been observed feeding on nectar, which did not occur with P. cinerea.
Registers from P. melanoleuca's diet, P. cinerea's sibling species, include Poaceae seeds and Cactaceae flowers (Di Giacomo, 2005) ; and also fruits, seeds and flowers (de la Peña and Pensiero, 2003) .
According to Remsen and Robinson (1990) , when classifying the adaptive syndromes of insectivorous birds, P. cinerea's syndrome would be near surface searching because it includes mostly near-pearch maneuvers, frequent hops and short-distance flights between areas. According to Eckhardt (1979) , P. cinerea would belong to the guild gleaners, because it searches actively for prey difficult to spot and easy to capture.
Poospiza cinerea typically forages in intraspecific groups. In addition to that, we have observed in Area 2 that the species joins mixed bird flocks. Tubelis (2007) made a review of the Cerrado species that occur in mixed flocks, but P. cinerea, S. ruficapillus and P. guirahuro are not in his list. There are registers of P. melanoleuca and P. thoracica foraging in mixed bird flocks (Ridgely and Tudor, 1989; Di Giacomo, 2005) .
In conclusion, Poospiza cinerea could only be considered a specialist in small invertebrates and near-perch maneuvers which are not really a niche constrain. We suggest that further studies investigate for a possible specialization within the category small invertebrates. The species has also proven to be quite plastic, being able to forage in exotic species whose characteristics do not match with the vegetation types of Cerrado. Therefore its rarity within the geographical range might be a consequence of other factors rather than foraging and diet specialization. 
